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Description 

The present invention relates to a process for the production of a mixture of gases comprising carbon 
monoxide and hydrogen (hereinafter referred to as synthesis gas) and hydrocarbons in a particulate bed 
reactor. r 

5 The use of fluidised beds for various applications is well known. The fluidisation process involves 
flowing gas through a bed of particulate material at a rate at which the bed becomes highly turbulent and 
rapid mixing of the particles occurs. Materials may be introduced to and be reacted in the bed 
^XStm. tei T hno i?9 y comprises passing a high velocity stream of gas vertically upwards through a 
10 ~«~? P amcles - ™* h '9h velocity gas stream causes the particles to ascend rapidly in a hollowed 
central spout within the bed. In addition to particle motion within the spout there is some particle back 
nic'U, 9 ,'^ area surroundin 9 "e spout giving a particle circulation pattern outside the spout The feed 
gas may have sufficient upward flow to create a fountain of particles above the bed or in a deeper bed may 
mnL Jl J- 9 c ' rc " , " ,on rate solid particles within the bed. In each case a cycle of solid particle 

Zm^ nf rL 6 ^ 'I ■ A reVieW ,°, f devel °P ments in pouted bed technology appears in the Canadian 
Journal of Chemical Engineering, Volume 52, page 129, 1974. 

JS copending 5"™!! Mn Patent application number 85302279 discloses a process for the production 
□as hS Wh nvdrocarbons in < a > saturated hydrocarbon and an oxygen containing 

l rat, ° °! hydrocarbon to oxygen of greater than the stoichiometric ratio for complete 
SS" 1 "forced «nto a bed of an inert particulate material, (b) the upward flow rate of the 
SEhSfiW" c ° nta T 9 935 stream being suffi c'ently large to fiuidise orto cause a spouting action 
»Z i !! / » h u ^ at least a part of the Peculate material is thrown up above the bed surface 

^£dSS?SS£ ,M ° J" ^ the h V drocarbon and °*VW ^"taining gas being ignited and 
reacted together and (d) the products of the reaction being withdrawn. 

The present invention relates to a development of the aforementioned process, 
and hvdrn^hnl" 910 P ??T imention there is Prided a process forthe production of synthesis gas 
hSr52rh«n t„ Wh '5 h (a) Satl ! rated hydrocarbon and an oxygen containing gas having a ratio of 

mSSZESy! « 6d ° f P art,culate material ») the upward flow rate of the gases being 

coma ^' U H d,Se ° r , t0 CaUSe 3 Sp0Uting action of the bed material '0 the hydrocarbon, oxygen 

Sdrawn hydrogen being ignited and reacted together and (d) the products of the reaction being 

h„HrIl!!i nVenti S n ' S intende d to include a process in which the upward flow rate of the hydrogen, 
SS m.t»^ ■ containing gas causes fluidisation of the bed material, or a spouting action of the 

bSSSZ Z h Wh H Ch 3 f °TT ° f Part,cles is formed above the bed surface or fluidisation with surface 
materia? ' nVenti ° n alS ° inC ' Udes a P r °cess comprising internal spouting of the bed 

i n t m ^LS C f h rb( l n j"u 0XV , 9en containin 9 gas and hydrocarbon may be pre-mixed before being 
SSSZIiSST^ 3 K°f J Altema,ive 'V- ^e reactant gases may be allowed to mix at the 
oSseous ™2 h h 8d ° r maV b J fed separate,v 10 the bed - The saturated hydrocarbon is preferably a 
romnrici P ^K b Y drocarbon su ch as substantially pure methane or ethane or mixtures of hydrocarbons 
Proportions of methane and/or ethane, for example those obtained from natural 
K™™™ h?f reservo,rs t wh 'ch may also contain carbon dioxide. Also the saturated hydrocarbon may 
En S A, eVen h ' 9her nvdracarfa ° ns - ^e oxygen containing gas may be for example air or an 
air/oxygen mixture. Also pure oxygen may be the oxygen containing gas. 

to liSon to^e ET 0XV9e " C ° ntaining 988 and hvdr09e " maY be preheated ' if required prior 

or b!a^ fir^ ?•' 80 ^J? Uipped With anci,larv heating means < for example, heating coils in the bed 
or by direct fired heating of the reector walls. 

m-JSL 125 1 !? 1 c ° n ? position of the hydrogen, saturated hydrocarbon/oxygen containing gas mixture is 
tim^S 8 ! f atmosph ««c pressure, the preferred hydrocarbon/oxygen molarratio is U to 5 
wTterXeSS™ 0 , rat '°/ f W^o^en for complete combustion to carbon dioxide and 

D^S of JSr ? ha T° ° f K H, t0 ° 4 13 5 ° r ,e8S - 11,686 ,imits are 6xtendible if °P eratton « evstem 
r^^JH? M han atl H 0sphenc are envisaged or if the feed gases are pre-heeted. Commercial 
reactor systems would probably be operated at pressures ebove atmospheric and up to 50 bar or even 

inH,H 1 o e fiS'i la,e b l d m l terial may be an inert temperature resistant refractory material which may 
Eh 22SS quart2 ' carb0 ~" d «'". rirconia, silicon carbide, ceramics and certain forms of carbon e g 
2 2 a ilf„ a maV h be US ! d ^! is 8,80 envisaoed that Peculate material having catalytic propertied 

X^f^XS^J? i^ ° f the Part j CU,at6 bed mat6rial ma V ba ' for example, spherica 
Si 0 ^o„.i«, ^ Ph ,° S " Th ° p t 8rtlcle 8126 ma Y vary from 0.01 to 10 mm in diameter dependent upon the 

SSS^SSS'^JSTT ° f r6aCt0r 8nd f66d inl6t and the f66d gas flow rate Th* P ar ticle s™ 
distribution for spouted bed operation is preferably as uniform as possible. 

ma tJri«i Hon!"! f construction of the reactor vessel may be for example steei. quartz, or refractory 
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The reaction may be initiated in a number of ways. For example, the particulate material may be pre- 
heated by igniting and burning a near stoichiometric mixture in the bed until the bed temperature is great 
enough to sustain the reaction of the hydrogen and excess stoichiometric hydrocarbon/oxygen mixtures. A 
typical steady state bed temperature is of the order 500 — 1500°C. 

5 The products of the reaction are preferably withdrawn from above the bed. The preferred products are 
unsaturated C 2 hydrocarbons such as acetylene, ethylene, higher olefins, aromatlcs and synthesis gas 
(carbon monoxide and hydrogen). 

The reactor vessel containing the bed of particulate material may be shaped so as to encourage 
recirculation of the bed particles in a vertical direction. For spouted bed operation with a single inlet feed 

w nozzle, the preferred shape of the base portion is conical. The cone angle measured from the vertical is 
preferably from 10° to 40°. 

Steam or water may be injected into the bed together with the reactant gases and/or injected into trie 
product gases as a quench. This is particularly desirable when operating at pressures greater than one bar. 
It is believed that the injection of steam or water (quenching) reduces the temperature of the product gases 

is and stops or reduces further reaction to less useful products and/or soot. An alternative mode of quench is 
envisaged if it is required to increase the amount of unsaturated hydrocarbons in the product gases. This 
rl^ecom^is^s^ 

gasoline, into the hot product gases and to thereby incease the content of light unsaturated hydrocarbons 
e.g. ethylene, acetylene in the product gases. 
20 It is also envisaged that for the conversion of large quantities of hydrocarbon, hydrogen and oxygen, 
an array of reactors could be used. Also a single bed containing one or more adjacent inlet nozzles may be 
used. 

It is also possible if desired to introduce further gaseous hydrocarbons, oxygen containing gases and 
hydrogen, to the bed through a further nozzle or nozzles. This further feed may have the same composition 
25 as the primary feed or may be different. The further nozzle or nozzies may direct the further feed in a 
counter current, parallel, perpendicular or other direction relative to the primary gas feed direction. 

The invention will now be described by way of example only and with reference to the accompanying 
drawing. 

The drawing shows a schematic layout of a particulate bed reactor and ancillary equipment. 

jo The reactor 1 takes the form of an elongate quartz column 2 having a conical base portion 3, the angle 
of the cone from the vertical being 20°. The base portion of the reactor contains a particulate material 4. in 
the present examples having a particle size of the order 1—1.5 mm diameter. The base of the column is 
adapted to receive a nozzle 5 for the introduction of reactants. The nozzle outlet may be adjusted vertically 
within and above the bed of particulate material. The upper portion 6 of the reactor is open to form an 

as outlet for withdrawal of the product gases. Aline 10 enables samples of the products to be withdrawn from 
the product gas stream. 

The nozzle 5 is connectable to a supply of air 7 or other oxygen containing gas under appropriate 
pressure and to a supply 8 of methane and hydrogen. A suitable supply may comprise cylinders of 
hydrocarbon e.g. methane, air and hydrogen lined to the nozzle through a mixer and gas pressure and flow 
40 rate measuring devices such as manometers and rotameters (now shown). The reactor 1 is lagged with a 
suitable insulating material 9. 

A number of techniques may be used for start up of the reactor. In the present example, the ignition 
source was a gas burner (not shown) located at the outlet portion 6 of the column. 

During start up of the reactor, a pre-mixed gas stream of hydrocarbon and air was passed under 
45 pressure to the nozzle 5 in the base portion 3 of the column. The velocity of the gas stream was sufficient to 
cause a vertical spout 1 1 of bed particles above the bed. 

The gas stream used was very fuel rich and consequently the gas mixture was ignited by the gas 
burner and a flame stabilised at the exit of the reactor. The air flowrate was increased, bringing the mixture 
closer to stoichiometric, until the flame began to move slowly down the reactor. A flame 12 was stabilized 
so at the surface of the bed and the fuel flowrate reduced slightly to obtain a more stable flame. When the bed 
temperatures had equilibrated, the fuel flowrate was increased and a low flowrate of oxygen was added to 
the bed. The air flowrate was then reduced and both the'fuel and the oxygen increased to maintain the 
stable flame and the spouting action of the bed. This procedure was repeated until the feed composition 
was entirely fuel and oxygen. The total feed mixture was always maintained on the rich side of 
55 stoichiometric. Several runs were then carried out in which hydrogen was introduced into the reactor 
together with the hydrocarbon and oxygen. 

The constituents and composition of the reactant gases were ascertained by means of conventional 
techniques. This procedure was repeated for a number of fuel rich hydrocarbon/oxygen/hydrogen reactant 
compositions. The products obtained from the reaction may include carbon monoxide and hydrogen 
60 (synthesis gas), acetylene, and ethylene. Table 1 summarises the effect of the co-feed of hydrogen with 
various particulate bed materials. Examples 1 to 5 show details of the process without hydrogen co-feed. 
Examples 6 to 10 shows details of the process using hydrogen co-feed showing increasing selectivity to 
unsaturated <Vs and higher hydrocarbons and a decrease or elimination of carbon formation. 

The results of similar experiments using ethane in place of methane as feed stock in a spouted bed 
65 reactor are shown in Table 2. The hydrogen co-feed has beneficial effects on the conversion process with 
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increased selectivity to C 2 and higher hydrocarbons and reduced carbon formation. 

Further experiments performed in a fiuidised bed reactor using methane as feedstock are shown in 
Table 3. The results show that hydrogen co-feed has similar beneficial effects on the conversion process 
with increased selectivity to C 2 and higher hydrocarbons and reduced carbon formation. 
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Claims 



and In owoln c l° ta ,n n P 1 • ° f synthes,s 9 as and hydrocarbons in which (a) saturated hydrocarbon 
5 ratio fo S S M aV ' n . 9 3 / ati ° ° f h y drocarbo " « oxygen of greater than the stoichiometric 
thJ nn^fwT comousoon are introduced together with hydrogen into a bed of particulate material, (b) 

^STt^TSSST being sufRcien,lv ,arse t0 f,uidise or t0 cause 3 S P° Uti "9 action ° f the bed 

ZZ£ n?th h V*«»*»n. oxygen containing gas being ignited and reacted together and (d) the 
products of the reaction being withdrawn. 

2. A process according to claim 1, in which the upward flow rate of the hydrooen hydrocarbon and 

a^^TUKl***- aM — b " ob ""° - "" bM ° iK 

nm i A ^ r ! CeSS according to claim 1 in which the upward flow rate of the hydrogen, hydrocarbon and 

She bed 9 StrSam " f0UWain ° f PartiCl6S 3b0Ve thS bed SUrface ' the Particles fefng back 

' 5 o^n^S- accord ! n 9 t0 a "V of claims 1 to 3 in which two or more of the hydrogen, hydrocarbon and 
oxygen contammg gas feeds are pre-mixed prior to introduction to the bed. 

^^.£^££ZZ± * 4 WhiCh *' methane ' 
20 air. 6 " A Pr0C6SS accordin9 10 ar, y of the Preceding claims in which the oxygen containing gas is oxygen or 

«mtairt5S?ft!2!^ nfl t0 K laim J WhiCh °" e ° r m0re 0f the h Y dr °9 en - hydrocarbon and the oxygen 
containing gas feeds are pre-heated prior to introduction to the bed. 

and li"!!! accordin 9 t0 a °y of the Preceding claims in which the composition of hydrocarbon gas 
25 co^SSon. 9 938 ,S 1 10 5 tim6S thB stoichiomet ric ratio of hydrocarbon/oxygen for complete 

5 or le A s Pr0CeSS aCCOrding t0 any of the Preceding claims in which the molar ratio of hydrogen to oxygen is 

atmos^tn^Je^ure"' 11 '" 9 * *"* * PreCedi " 9 C ' a ' mS ° PSrated at 3 pressure of 9 rea,er than 

30 comjrisas fire^^t'" 9 ! t °* nv ° f J he PI ecedin 9 claims in which the bed of particulate material 
comprises firebnck, quartz, alumina, carborundum, zirconia, silicon carbide, ceramic or forms of carbon. 

12. A process according to claim 11 in which the particulate size diameter is 0.01-10 mm. 

M a S™! accord ! n9 10 an V o f the preceding claims in which the bed has ancillary heating means. 
35 the hed m P r°ri e f h ^v" 9 t0 A" V ° f the precedin9 c,aims in which reaction is initiated by preheating 

r«m!i„f«„ temperature is sufficient to sustain combustion of a hydrogen, hydrocarbon/oxyqen 

SSSSSS 9 3 r3ti ° ° f hvdrocarbon t0 °^ en ° f greaterthan the swfchlomSc rSor 
15. A process according to any of the preceding claims in which the reaction is quenched, 
no. a process according to claim 15 in which the reaction is quenched by the introduction of steam or 

satuSeo ESSSffiS hol^odu^gaf *" ^ * bY ° f 8 ,iqUid 

or o^'JJSySfSS Jed ° f PreCedi " 9 C ' aimS ' n WHiCh 3 fUrther hYdr0Carb0n 9a8 ' hvdro9en ' 
conslftu^ 

oarellel SirS "V 5 *"" 18 or claim 19 in which the further hydrocarbon gas is introduced 
parallel perpendicular, or countercurrent to the hydrocarbon/oxygen containing gas mixture, 
beds according to any of the preceding claims which is carried out in one or more particulate 
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Patentanspruche 



1. Verfahren zur Erzeugung von Synthesegas und Kohlenwasserstoffen, worin 
tad^ZLZZStl c Koh,enwa f*>rstoff und ein Sauerstoff enthaltendes Gas in einem Vemaltnis 
SSZTI^II Sauerst °*' ds 9 ro6er ist a '* d as stochiometrische Verhaltnis fOr die voll-stanZe 

<3 SS rslwni^? 6 !? Batt eines tai <chenformigen Materials eingeleitet werde'n 
R«n u^m , Srromungsgeschwindigkeit der Gase in Aufwarts-Richtung hinreichend grofi ist urn das 
Bett S . 2 " ^rwirbeln oder eine Sprudelwirkung des Bett-Materials hervorzurufen, 

«J^J£2££^ das Saueretoff enthaltende Gas und der Wasseretoff «—« u " d 

(d) die Produkte der Reaktion abgezogen werden. 

^Na^mM^S^L^^n' ^ die Stromungsgeschwindigkeit von Wasserstoff. Kohlen- 
wasserstoff und Sauerstoff enthaltendem Gas in Aufwarts-Richtung ein hinreichendes Verwirbeln und 



8 



'0 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



60 



65 



EP 0 178 853 B1 

K ae^s d chreS?e«^r mrSaCht S ° teilch -^-i ge8 Material nach oban in dan Freiraum 
^J^^ V °" Wassersto * «oh.en- 

E 4?Er" BS -°™eth-an. 

Sa T t ;rH Lnu3ft T 9ndeinem V ° rher9ehenden AnSPr ° Che ' W ° rin daS Sa —°« -tha,tende Gas 
KBl T!ffi Jdar mahrcra der Einsatzmateria.ien Wasserstoff. 

8. Verfahren nach irgendeinem der vorheraehe^ a! das Bett vor 9ehei« werden. 
Kohlenwasserstoff.Gases und des SaZS > !S u A " spruch , e ' w °™ die Zusammensetzung des 

^oihiometrischen-VerhaltnisseV^^ ^ 

9. Verfahren nach l^nSTdHS^^ * v-W^'vb^iifJr"" 
( WOrm * St ~n-Ver h a,nis 
groBer ais der At^S^T^ VOrher ^^nden Anspruche, durchgefGhrt bei einem Drue*, der 
Mat er ^ 

^Tw" d6S Kohlen «offs umfeeT ' Carborund ' Z'™nmmdioxid, Siliciumcarbid, KeraW 

10 n r hren An8PrUCh ». — - - tanchenfar^a Materia, einen Dresser von 0 o, bis 
"^X^ ni>Ch ,r9endeinem der vorhergehenden Anspruche, worin das Bett erganzende 

des it^Sld^TnSISJ u d nd VeSnn 6nden AnSpr " Che ' WOrin die Rea ^" «"rch Vorheizen 
enthaTtenSes S£ in ^21^ W matri «^ Q-iS- toK 
Gas , , ' t m . d : e Verb ™nung eines Gemisch^ Wassersfo^ 

ab g . s ch re 'S B w T,d" aCh An!Pn,Ch ' 5 ' "<"■'" * "—"on *»* W. von Wass . rdampt od6r Wa!s . r 

" a irt!»rS eln """" Koh,en - 

Revendications 

hydroca^JS d'hydrocarbures, dana .equal (a) on introduit un 

supeneur au rapport stoecWometn q "e Dour unS 3V8nt Un rapport de ''hvdrocarbure a I'oxygene 

srtr-~ 

i'hydrogenej'hydroca SJSIS^JLS?, ,eq f Ue ' ' S debit 3SCendant du c °"«"t gazeux contenant 
pamcules retombant dans le Kt 9 ™ Unef0n ^ 
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4 Procede selon I'une queiconque des revendications 1 a 3, dans lequel deux ou plus de deux des 
alimentations en du gaz contenant de I'hydrcgene, de I'hydrocarbure et de I'oxygene sont premeiangees 
avant leur introduction dans le lit. , 

5 Procede selon I'une queiconque des revendications 1 a 4, dans lequel I hydrocarbure sature est 
5 constitue par, ou comprend, du methane, de I'ethane, du propane, du butane ou du gas naturel. 

6. Procede selon I'une queiconque des revendications precedentes, dans lequel le gas contenant ae 
I'oxygene est de I'oxygene ou de fair. 

7. Procede selon la revendication 1, dans lequel une ou plusieurs des alimentations en de I hyarogene, 
de I'hydrocarbure et du gas contenant de i'oxygene est ou sont prechauffee(s) avant leur introduction dans 

W ^ Procede selon I'une queiconque des revendications precedentes, dans lequel la composition de 
I'hydrocarbure gazeux et du gas contenant de I'oxygene represente 1 ,1 a 5 fois le rapport stoechiometnque 
hydrocarbure/oxygene pour une combustion complete. . 

9. Procede selon I'une queiconque des revendications precedentes, dans lequei le rapport moiaire ae 
is I'hydrogene a I'oxygene est egal ou inferieur a 5. 

10. Procede selon I'une queiconque des revendications precedentes, que Ton met en oeuvre sous une 
pression superieure a la pression atmospherique. 

11. Procede" selon I'une queiconque des revendications precedentes, dans lequel le lit de la matiere 
particulate comprend de la brique refractaire, du quartz, de I'alumine, du carborundum, de I'oxyde de 
zirconium, du carbure de silicium, une matiere ceramique ou des formes de carbone. 

12. Procede selon la revendication 11, dans lequel ie diametre correspondant a la taille des particules 
est de 0,01 a 10 mm. 

13. Procede selon I'une queiconque des revendications precedentes, dans lequel le lit comporte un 
dispositif auxiliaire de chauffage. .a*,*^ 

14. Procede selon i'une queiconque des revendications precedentes, dans lequel on amorce la reacuon 
en prechauffant la matiere du lit, en allumant et en faisant bailer un melange gazeux presque stoecnio- 
metrique hydrocarbure/gaz contenant de I'oxygene dans le lit, jusqu'a ce que la temperature du lot soit 
suftlsante pour entretenir la combustion d'un melange d'hydrogene d'hydrocarbure(s) et de gaz contenant 
de I'oxygene, ayant un rapport de I'hydrocarbure a I'oxygene superieur au rapport stoechiometnque pour 

30 une combustion complete. . _ 9P(A . A 

15. Procede selon I'une queiconque des revendications precedentes, dans lequel la reaction est arrete. 

16. Procede selon la revendication 15, dans lequei on arrete la reaction par I'introduction de vapeur 
d'eau ou d'eau. 

17. Procede selon la revendication 15, dans lequel on arrete la reaction par I'introduction, dans le gaz 
35 produit chaud, d'un hydrocarbure liquide sature. 

18. Procede selon I'une queiconque des revendications precedentes, dans lequel on introduit dans le lit 
un supplement de gas hydrocarbone, d'hydrogene ou d'oxygene. 

19. Proced6 selon la revendication 18, dans lequel le supplement de gaz hydrocarbone a une 
composition ou une constitution differente de celle(s) de I'hydrocarbure gazeux. 

20. Procede selon la revendication 18 ou la revendication 19, dans lequei le supplement de gaz 
hydrocarbone est introduit parallelement, perpendiculairement ou a contre-courant du melange 
hydrocarbure/gas contenant de I'oxygene. 

21. Procede selon I'une queiconque des revendications precedentes, qui est execute dans un ou 
plusieurs lits particulates. 
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